Abstract Jatropha curcas L. has become an important plant for biorefinery and production of biodiesel. From its ethnobotanical use, the plant is known for several activities which are associated with high toxicity. The latest development in engineering technology enables detoxification of native oil and other parts of the plant for new pharmaceutical purposes. Hence a revised look to the rich metabolic spectra of partly structurally rare secondary compound becomes an interesting field of research to be explored. In this review, we discuss recent developments in the technology of detoxification process and give insight about how this ethnomedicinal plant can be applied to new fields of experimental medicine. The review highlights recent data on biological activities and discusses concepts and strategies for turning a poison plant into a valuable crop with high pharmaceutical potential.
Introduction Jatropha curcas L. widely known as physic nut or purging nut, is one of the oldest members of Euphorbiaceae. From the fossils founded in Belem, Peru, the age of this plant is approximately 70 million years. The name was given by Karl von Linné in 1743 which means doctor (iatros) and food (trophe) (Becker and Makkar 2008) . The plants is found in tropical regions of Africa, South America, South East Asia and India (Schmook and Seralta-Peraza 1997) . Jatropha curcas L. is classified as a large shrub or a small perennial tree because it can attain 5 m in height, while under several conditions the height can reach 8 or 10 m (Divakara et al. 2010) . It has soft wood with subtle grey bark and when it is cut, it produces white and milky latex (Horiuchi et al. 1987) .
Jatropha curcas L. is a plant with multiple uses and considerable economic potential. In the tropical countries, it serves as a live fence in the fields and settlements and in arid areas it is cultivated to control soil erosion. The deoiled seedcake can be used for organic fertilizer without any detectable phorbol ester both in the crops and soil (Srinophakun et al. 2012) .
Jatropha curcas L. has a potential for controlling environmental pollution. Grounded seeds of J. curcas L. have been demonstrated as an effective natural coagulant for industrial effluent. Treatment of contaminated waters or soils is an approach that gains popularity. Although the conventional physical, chemical and thermal waste treatments are fast and controllable, it requires high energy that renders them very costly. This plant is also known as source of biodiesel, the seed consist of 60-68 % of kernel which contain up to 60 % oil depends on geographical location (humidity, altitude, temperature, etc.) . The oil can be used directly or in methylester form as biodiesel (Asseleih et al. 1989; Gandhi et al. 1995; Haas et al. 2002; Makkar et al. 1997) . The oil has been traditionally used for soap or candle production, lighting and lubricant. It was observed that this fatty acid composition of the oil was suitable for human nutrition. The kernel also contains a high amount of crude protein (up to 32 %), which could be used as an animal feed (Aderibigbe et al. 1997; Aregheore et al. 1998; Asseleih et al. 1989; Gubitz et al. 1999; Makkar et al. 1997) .
Jatropha curcas L. is known as two genotypes, the toxic and non toxic one. The difference between both, is the presence of phorbol esters in the seed. Non toxic varieties from Mexico contain very low to undetectable amounts of phorbol ester while the other one contain up 3,500 ppm. No differences were found in the level of amino acids, trypsin inhibitor, lectin, phytate, curcin and saponin between these two genotypes Makkar et al. 1997; Makkar et al. 1998a; .
The objectives of this review are to make a validation of the secondary natural products of Jatropha curcas L., to review its toxic principles and the possibility of detoxification process for safe use in animal feed and pharmaceutical purposes.
Chemical composition
Compounds from the primary metabolism Chemical analysis of Jatropha curcas L. revealed the presence of primary metabolism in the seeds of the plant. Chemical analysis of J. curcas L. kernel and seed meal as well as the fatty acid composition of the oil was reported (Gubitz et al. 1999) (Tables 1, 2 ). The presence of cis-11-eicosaenoic acid (20:1) and cis-11,14-eicosadienoic acid (20:2) in J. curcas L. seed oil from four Mexican provenances was investigated. The same study revealed that the content of starch and total soluble sugars was below 6 %, while the levels of essential amino acids except for lysine were higher than those of FAO/WHO reference protein for a 5 year old child on a dry matter basis (Martínez-Herrera et al. 2006) .
Compounds from secondary metabolism
Phytochemical analysis of the J. curcas L. roots showed the presence of many secondary metabolites including terpenoids, steroids, tannins, alkaloids and saponins (Aiyelaagbe et al. 2007) . Among the group of terpenoids the biological important phorbols were isolated from this plant which can be classified by Table 2 Average fatty acid composition of J. curcas L. oil (Gubitz et al. 1999; Solsoloy and Solsoloy 1997; Sharma et al. 1997; Gandhi et al. 1995; Ravindranath et al. (2004a) 13 3b-acetoxy-12-methoxy-13-methylpodocarpa-8,11,13-trien-7-one Diterpenes Aerial part Ravindranath et al. (2004a) 14 3b, 12-dihydroxy-13-methylpodocarpane 8,10,13-triene Diterpenes Aerial part Ravindranath et al. (2004a) 15 Heudelotinone Diterpenes Aerial part Ravindranath et al. (2004a) 16 Epi-isojatrogrossidione Diterpenes Aerial part Ravindranath et al. (2004a) 17 2a-hydroxy-epi-isojatrogrossidione Diterpenes Aerial part Ravindranath et al. (2004a) 18 Spirocurcasone Diterpenes Root Chianese et al. (2011) 19 Curculathyrane-A Diterpenes Root Naengchomnong et al. (1986b) 20 Curculathyrane-B Diterpenes Root Naengchomnong et al. (1986b) 21 Curcusone-A Diterpenes Root Naengchomnong et al. (1986a) 22 Curcusone-B Diterpenes Root Naengchomnong et al. (1986a) 23 Curcusone-C Diterpenes Root Naengchomnong et al. (1986a) 24 Curcusone-D Diterpenes Root Naengchomnong et al. (1986a) 25 Curcusone-E Diterpenes Root Chianese et al. (2011) 26 Jatrophone Diterpenes Root Pletsch and Charlwood (1997) 27 Jatrophalactam Diterpenes Root Wang et al. (2009) 28 Palmarumycin CP1 Diterpenes Stem Ravindranath et al. (2004b) 29 Palmarumycin JC1 Diterpenes Stem Ravindranath et al. (2004b) 30 Palmarumycin JC2 Diterpenes Stem Ravindranath et al. (2004b) 31 Apigenin Flavonoid Leaf Staubmann et al. (1998) 32 Vitexin Flavonoid Leaf Subramanian et al. (1971) 33 Isovitexin Flavonoid Leaf Subramanian et al. (1971) 34 Curcin Lectin Seed Stirpe et al. (1976) 35 Tetradecyl-E-ferulate Lignane Aerial part Ravindranath et al. (2004a) 36 12-deoxy-16-hydroxyphorbol-C13-C16 diesters Phorbol ester Seed Adolf et al. (1984; Haas et al. 2002) 37 Factor 1 Phorbol ester Seed Haas et al. (2002) 38 Factor 2 Phorbol ester Seed Haas et al. (2002) 39 Factor 3 Phorbol ester Seed Haas et al. (2002) 40 Factor 4 Phorbol ester Seed Haas et al. (2002) 41 Factor 5 Phorbol ester Seed Haas et al. (2002) Phytochem Rev (2013) 12:107-119 109 different backbones structure like lathyrane, podocarpane, rhamnofolane, tigliane, daphnane (Fig. 1) . The toxicological relevant phorbol esters in J. curcas L. have the tigliane and lathyrene skeleton in common. Phorbols with a rhamnofolane skeleton were isolated for the first time in 1986. These were curcusone A, B, C, and D (Naengchomnong et al. 1986a ) and curcusone E later in 2011 (Chianese et al. 2011) . By the same author two lathyrane diterpenoids were isolated in 1986 and named curculathyrane A and B (Naengchomnong et al. 1986a) . From aerial parts and stem of J. curcas L., three lathyrane types
, two podocarpane types (3b-acetoxy-12-methoxy-13-methylpodo-carpane-8,11,13-trien-7-one, 3b, 12-dihydroxy-13-methylpodocarpane 8,10,13-triene), one dinorditerpene type (heudelotinone) and three deoxypreusomerins (Palmarumycin CP1, JC1, and JC2) were isolated (Ravindranath et al. 2004a, b) . The presence of alkaloids in J. curcas L. was marked by 5-OH-pyrrolidin-2-one and pyrimidin-2,4-dione (Staubmann et al. 1998) , while the presence of coumarins was marked by marmesin, tomentin, propacin and jatrophin (Naengchomnong et al. 1994; Ravindranath et al. 2004a) . Flavonoids like apigenin, vitexin and isovitexin were also found in leaves (Staubmann et al. 1998; Subramanian et al. 1971) . Two cyclopeptides were isolated from latex. Curcacycline A possess eight amino acids in the order c[GlyLeu-Leu-Gly-Thr-Val-Leu-Leu] and curcacycline B posses nine amino acids which were c[Gly-Ile-LeuGly-Ser-Pro-Ile-leu-Leu]. Curcacycline B can bind to human cyclophilin B and increase by 60 % its peptidyl-prolil cis trans isomerase (PPI-ase) activity at 30 lM (Auvin et al. 1997; Van den Berg et al. 1995) ( Fig. 2 and Table 3 ).
Human toxicity and case reports
Acute poisoning with seeds of J. curcas L. was reported. Abdu reported intoxication in two children aged three and five (Abdu-Aguye et al. 1986 ). In 2005, twenty children were admitted to hospital in India because of J. curcas L. seed ingesting. The age varied between 8 and 13 years. All cases showed complain of vomiting, diarrhea, abdominal pain, sensation in the throat. Vomiting was the predominant symptom (95 %), diarrhea (50 %), headache (40 %), asymptomatic (5 %). Intravenous fluid and antiemetic were given to the children, the recovery rate was 6 h and after 24 h they were discharged from medical services (Kulkarni et al. 2005) . (14), Phe(12), Pro(9), Met(2), Arg(7), His(2), Cys(1) and Trp(1) (Lin et al. 2010 ). Its biosynthesis is induced in leaves under stress conditions like drought, temperature and fungal infection, serving thus plant defense purposes (Wei et al. 2005 . Previous result reported that the curcin gene coding region has similar amino acid sequences with gelonin, bryodin, trichosantin, momorcharin, ricin A-chain and abrin A-chain (Lin et al. 2003a) . The gene of the protein was inserted into the PQE30 vector. After introduction into Escherichia coli this protein was successfully expressed in strain M 15 . Although the yield in this observation was low, the result showed that 0.5 mM IPTG was suggested as an optimum inducer (Luo et al. 2007 ). It was reported that curcin strongly inhibit protein synthesis in reticulosyte lysate, gastric cancer cell line (SGC-7901), mouse myeloma cell line (sp 2/0), and human hepatoma with IC 50 (95 % confidence limit) of 0.19 (0.11-0.27) nmol/L, 0.23 (0.15-0.320) mg/L, 0.66 (0.35-0.97) mg/L, 3.16 (2.74-3.58) mg/L, respectively (Lin et al. 2003b ). Curcin showed no activity on Hela and MRC cells (human embryo lung diploid cell line).
In vivo application of curcin was done in mice. After 12 h of curcin administration, some symptoms appeared in the animal, such as hypersensitivity, declining pineal and corneal reflexes, locomotorius activity, losing of grip strength and righting reflex, defecations and palpebral closure. Autopsy on dead animal showed hyperemia of the intestine and wounds in the spleen, pancreas and liver. Death occurred after 48 h of curcin administration. LD 50 of curcin was 9.11 IU intraperitonially (Stirpe et al. 1976 ).
In nature we find four types of diterpenoid esters. The basic structure of the compounds is a tigliane, daphnane, ingenane, and lathyrane skeleton. The classification was based on their basic pattern containing tri and tetracyclic ring systems (Dimitrijevic et al. 1996) . Tigliane is the basic skeleton of phorbol ester (PE). Hydroxylation is found in the position C12 and C13 of tigliane backbone. Esterification with various fatty acids gives a broad spectrum of phorbol ester in this plant (Goel et al. 2007 ). The target of PE are phospolipid membrane receptors. They activate protein kinase C (PKC), that is important for signal transduction leading to cell differentiation and cell growth regulation (Clemens et al. 1992; Nishizuka 1992) . Under normal physiological conditions, diacylglycerol (DAG) activates PKC, and enhances PKC's affinity to bind phosphatidylserine (PS)-containing membranes. Whereas DAG is easily metabolized, PE is not and, therefore, PE acts as an agonist of DAG and uncontrollably activates the PKC with the consequence of increasing cell proliferation. The toxic principle is that PKC activity can hardly be turned down and the system is out of regulatory control (Segal et al. 1975) . Carcinogenesis experiments on mouse skin revealed that phorbol esters stimulate tumor growth but do not induce tumors. Phorbol esters thus acts as cocarcinogens.
Detoxification process

Detoxification of biomass
Many attempts have been performed to eliminate antinutritional components and toxic principles (trypsin inhibitor, lectins, phytate, phorbol esters) from the meal. Mexican people roasted the meal before it was eaten. Roasting the meal could only effect trypsin inhibitor and lectin activity (Makkar et al. 1998b ), but the other components were not affected by heat treatment (Aderibigbe et al. 1997 ). The moist heat was more effective in decreasing lectin activity than dry heat (Aregheore et al. 1998) . It was observed that trypsin inhibitors and lectin were fully inactivated by double solvent extraction using hexane and ethanol coupled with moist heat treatment (20 % moisture, 126°C, 2 bar, 10 min) (Chivandi et al. 2004 ). Double solvent extraction (petroleum ether and ethanol) mixed with chemical treatment using 0.07 % NaHCO 3 eliminate 95.8 % phorbol ester content. This treatment is accepted as the best method to reduce lectin activity (Martínez-Herrera et al. 2006) . The article described a complex detoxification strategy with protein extraction at basic pH followed by isoelectric precipitation and finally steam injection with different steps. By this procedure the level of trypsin inhibitors, phytate, tannins and saponin has reduced by more than 90 % while toxic phorbol esters were not detected anymore in the meal (Devappa and Swamylingappa 2008) .
Beside elimination of phorbol ester using physical and chemical methods, the influence of manganese chloride (MnCl 2 ) and N-ethylmaleimid in reducing phorbol ester biosynthesis in callus cultures were observed. Two concentrations of MnCl 2 were used (2 and 3 mM) and the content of phorbol ester in callus cultures was reduced to 30.5 and 30.6 % respectively after 7 days. When N-ethylmaleimid was given to the callus in three different concentrations (0.6, 0.9, and 1.2 mM) the content of phorbol ester reduced to 26.6, 6.25 and 32.2 % respectively after 21 days (Wirasutisna et al. 2011).
Detoxification process for animal feed
Different animals show different physiological reactions to detoxified J. curcas L. meal. For example, increasing time of heat treatment of Jatropha meal impacted the growth rate of fishes. Heat treatment provokes the loss of amino acid and structural changes in J. curcas L. proteins. These changes made them difficult to be digested by fish trypsin, leading to low protein efficiency ratio and protein productive value (Makkar and Becker 1999) . It was reported that pigs which consumed treated J. curcas L. meal, showed adverse effects with low level of percent packed cell volume, serum glucose, cholesterol concentration, serum alpha amylase activity (p \ 0.001) and serum triglyceride.
A method that comprises three major steps was patented. The first step was adding methanol and sodium hydroxide to form a mixture. Second step was heating the mixture, and final step was separating it to obtain detoxified constituents. Analytical profiling of these materials using HPLC showed that PE was below the detection limit. Total crude protein content, available lysine value and protein digestibility were the same for both treated and untreated meal. Biological evaluation showed that these products were not harmful to mollusk and carps (Cyprinus caprio) .
Single step extraction with an azeotrope mixture of ethyl acetate and methanol at 62°C and 1.2 bar with mixing rate 10 rpm, 6 cycles of 1 h each was developed and patented. Desolventising was at 100°C for 80 min in a vertical steam desolventiser. For removing antinutrient factors, the meal was autoclaved with 120°C moist heat for 60 min. The recovery of oil was more than 50 % of kernel weight while the content of the oil in the meal was less than 0.5 % by weight. No differences in protein content and no residual PE was detected in the meal. Bioassays were carried out to determine remaining toxicity processed meal using Brine shrimps and Drosophila larvae assays. Based on these experiments, the processed meal showed no significant toxic effect on the larvae while 100 % mortality was shown in control group with unprocessed meal (Brooker 2010) .
The newest patent for removing phorbol ester from organic material was applied using microbial approach. Bacillus subtilis var natto (0.004-0.2 part by mass) with stirring and fermentation processes (37-50°C for 2-4 weeks) were selected for decomposing phorbol ester. Fermented J. curcas seedcake showed better weight gain, feed intake and health condition than unfermented seedcake in mice. All of values were almost the same in fermented and soya bean groups (He 2011) .
Detoxification of J. curcas L. meal was done using hydrolysis of enzymes (cellulose and pectinase) continued with ethanol washing was investigated. These treatments decreased the level of phorbol ester, trypsin inhibitor, lectin activity, tannin and saponin to tolerable values. There were enhancement in crude protein and in vitro protein digestibility values from 59.64 to 74.86 % and 82.14 to 92.37 % respectively (Xiao et al. 2011) .
The J. curcas L. plant synthesizes some compounds that act as anti-nutrients or toxins in living organisms. Antinutrients have been characterized as substances that interfere with food utilization of animals. These phytochemicals can be generally divided into four groups: (1) factors affecting protein digestion such as trypsin inhibitors, tannins, lectins; (2) factors affecting mineral utilization, which include phytates, gossypol pigments, oxalates, glucosinolates; (3) antivitamins; (4) miscellaneous substances like mycotoxins, cyanogens, nitrate, alkaloids, phyto-estrogens and saponins (Francis et al. 2001) . High level of trypsin inhibitors content caused low in vitro rumen degradable proteins (Aderibigbe et al. 1997) . The effect of trypsin inhibitor was decreasing protein digestibility, due to the interference with pancreatic proteolytic enzymes (White et al. 1989 (Reddy and Pierson 1994; Richardson et al. 1985) .
Antimicrobial and antiparasitic
Sap of J. curcas L. has strong antimicrobial activity when it was applied to both gram positive and negative bacteria (Fagbenro-Beyioku et al. 1998) .
Not only toxic to bacteria, J. curcas L. sap was also toxic to parasites. No embryonation was found in ova of Ascaris lumbricoides and Necator americanus incubated in pure and 1:1 diluted sap. Mosquito eggs could not hatch in the sap of J. curcas L. (FagbenroBeyioku et al. 1998) . The methanol extract of the oil was also tested at two larvae stages (cercariae and miracidia) of Schistosoma mansoni. The extract showed toxicity to both of the larvae, but cercariae was more sensitive to the extract than miracidia. Decreasing the growth of Schistosome sp. became important, since these species cause schistosomiasis which is one of the most serious parasitic diseases after malaria (Rug and Ruppel 2000) .
Antiviral activity
Water extract of stem bark of J. curcas L. showed good suppressive effects on HIV growth. The effect was determined by HIV-1 induced cytopathic effect on MT-4 cells, HIV-1 reversed transcriptase (RT) assay and HIV protease assay (PR) to identify the mode of action on inhibiting HIV growth while no inhibitory effects were found in both HIV-RT and HIV-PR assays. It was concluded that the results were significant and the activity had a high selective index, although the mode of action is still unknown (Matsuse et al. 1998 ).
Insecticidal activity
Insecticidal activities of oil containing phorbol ester or concentrated phorbol ester fractions have been recorded for a large number of different insects like Mandura sexta, Helicoverpa armigera, Aphis gossypii, Pectinophora gossypiella, Empoasca biguttula, Callosobruchus chinensis, Sitophillus zeamays, Phtorimaea opercullewla, Sesamia calamitis, Busseola fusca, Periplaneta americana, Blatella germanica, Oncopeltus fasciatus, Phaedon cochliariae, Platella xylostella, spodoptera frugiperda, Mycus persicae, Callosobruchus maculatus and Dinarmus basalis (Sauerwin et al. 1993; . Jatropherol I, a phorbol ester diterpene, influenced some midgut enzymes of Bombyx mori. This influenced general esterase, carboxylesterase, and acetylcholinesterase. Jatropherol I also caused pathological changes in endoplasmatic reticulum, chromatin, lysosome, mitochondria, and microvilli. LD 50 values of these ester were 0.579, 0.217, 0.1578 lg/mL after 48, 72 and 120 h administration, respectively (Jing et al. 2005) .
Antisnail activity
Controlling snails is important because they act as the vector host of parasites that caused schistosomiasis (see above). Seeds of J. curcas L. were tested against Biomphalaria glabrata, Bulinus truncatus, Bulinus natalensis, Oncomelania quadrasi and Oncomelania hupensis. Methanolic extract of crude oil was reported to have high toxicity against all snails (Rug and Ruppel 2000; Yasuraoka et al. 1980) .
Biosafety studies
Acute toxicity in mice
Toxicological studies of J. curcas L. seed have been conducted in mice. Adam reported that 1 % seed material in diet did not cause mortality, but 5-50 % of seed material was lethal in mice. During the experiment, mice suffered from diarrhea, they could not keep normal posture, lost their appetite (related to the taste of the food), decreased motor activity, showed depression and had increased respiration rate. The highest dose caused 100 % mortality 4 days after feeding. Organs of death animals were examined and pathological changes were found such as catarrhal enteritis, erosion and widespread infarct of intestinal mucosa. Hemorrhage and congestion were detected in small intestine, heart and lungs. Other side effects were the increased hepatic and renal fat accumulation. There were blood clots in fecal material, but they were not found in peritoneal cavity. Hemorrhage and dilation of ascending colon were also detected in almost all groups (Abdu-Aguye et al. 1986; Adam 1974) . Crude oil and its fraction when applied as topical application were toxic to the dorsal skin of the mice. Oil fraction caused eye hemorrhage, face swelling, and skin irritation while only small effect of damage caused by crude oil (Gandhi et al. 1995) . Acute toxicity of methanol extracts of J. curcas L. seed was determined in mice intraperitoneally. The LD 50 was 25.19 mg/kg body mass (Oluwole and Bolarinwa 1997) . Another experiment of acute toxicity to male mice was carried out (Li et al. 2010) . Phorbol esters were isolated from the oil and administered intragastricly to the animals. LD 50 was determined at 27.34 mg/kg body weight and the highest dose (36 mg/kg body weight) caused abnormality of cortical neurons and cardiac muscle fibers. Glomerular sclerosis, atrophy in kidney and hemorrhage in the lung was shown in mice given a dose higher than 32.4 mg/kg body mass, while no changes were found in the animal organ at the lowest dose (21.26 mg/kg body mass) (Li et al. 2010 ).
Acute toxicity in rat Acute toxicity of Jatropha oil was also observed in rats. Based on the result, the LD 50 was 6 mL/kg body weight. At higher doses (9 and 15 mL/kg body mass) all of the rats died during the experiment. In topical application, oil fraction caused skin irritation and edema (Gandhi et al. 1995) . Various extracts from the fruit of the J. curcas L. also had an abortive effect to rats. They influenced the early stage of pregnancy (Goonasekera et al. 1995) . Methanol extract of the seeds caused low hemoglobin concentration, low packed cell volumes and also low red blood cell counts, but mean corpuscular volume & mean corpuscular hemoglobin values were high. These results indicated macrocytic anemia (Oluwole and Bolarinwa 1997) .
Acute toxicity in goat
Jatropha curcas L. seeds were also administered to goats. The doses ranged between 0.25 and 10 g/kg/ day. During dosing period, some symptoms occurred in the goat like diarrhea and loosing ability to keep normal posture. Autopsy showed hemorrhage in the kidneys, lungs, reticulum, spleen and rumen. Necrosis and degeneration of the liver were marked by the elevation of glutamat oxalacetate transaminase and arginase activity, and depletion of glucose level in the goat serum (Adam and Magzoub 1975) . The same symptoms were also found when the extract was given to a goatling, Abdel Gadir reported that the mortality of them occurred between day 7 and 21 after extract administration (Abdel Gadir et al. 2003) .
Conclusion and perspective
Jatropha curcas L. has a great potential and value for cultivation as economic crop for biodiesel production. Not only because of the source of non edible renewable biodiesel, but also containing secondary metabolites with interesting biological activities. As discussed, these secondary natural compounds were isolated and elucidated from different parts of J. curcas L. Some experiments have been conducted in the past for validating pharmacological uses. Curcin, a ribosome inactivating protein is a potential lead compound as anticancer and immunosuppressive drug. Curcusone B isolated from the root also has a good prospect for antiproliferative effect since it inhibits the growth of cancer cell lines. Jatropherol I has insecticidal activity because it changes pathological condition in endoplasmic reticulum, chromatin, lysosome, mitochondria and microvilli of insects. Curcacycline A shows moderate dose dependent inhibition on human T cell proliferation while curcacycline B can bind to human cyclophilin B and increase its peptidyl-prolyl cis trans isomerase.
Phorbol ester has become a major issue regarding J. curcas L. oil and toxicity. Since it is dissolved well in the oil, intoxication risk for workers in the oil producing industry is high, here more research is necessary to avoid the chronic harm of the risk. It was reported that multiple steps in oil refining process like degumming, deodorization, neutralization processes (with alkali hydroxides), bleaching and stripping process reduce the level of phorbol ester significantly. Detoxified oil can be used as a candidate of new basis for ointment and dermal application preparations. Further investigation is still needed for oil safety, because direct contact of remaining phorbol ester with skin have to be avoided in all cases. Studies about indoor pollution by J. curcas L. oil should be conducted, in order to give clear explanation between combustion products from the oil and related toxicity.
Jatropha curcas L. pressed cake contains a high protein yield. It can be used as animal feed, but the utilization is limited due to its toxic principles. Development strategy in detoxification process of the pressed cake has become high of interest. Physical and chemical treatments have been investigated in toxic removal. For safety reason, biosafety assays have been observed for this detoxified product to various in vitro and in vivo studies. These results show that detoxification of pressed cake is possible and safe for further use.
Recent progress on J. curcas L. studies indicates that all parts of this plant are valuable. Utilization of the plant could improve valorization for huge plantation.
